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Sea	level	rise	 51.3	 75.0	 24.5	 70.4	
Flooding		 94.9	 70.3	 88.2	 62.9	
Increased	precipitation	totals/intensity	 71.8	 64.3	 70.0	 45.5	
Erosion	 64.1	 52.0	 47.3	 42.3	
Landslides,	rockslides,	slope	failures	 61.5	 79.2	 34.5	 42.1	
Drought	 46.2	 16.7	 33.6	 35.1	
Thawing	permafrost	 2.6	 0.0	 2.7	 33.3	
Electrical	service	disruptions	 38.5	 46.7	 39.1	 23.3	
Wildfires		 48.7	 36.8	 28.2	 22.6	
Increased	run-off	from	snow/glacial	melt	 15.4	 50.0	 13.6	 20.0	
Increased	freeze/thaw	cycles	 53.8	 28.6	 43.6	 18.8	




























































rise	 43	 0.57	 1.35	 1.45	 0.72	 1.18	 0.67	 0.07	 2.67	
Flooding	 114	 0.16	 1.20	 1.17	 0.99	 1.09	 1.03	 1.00	 1.19	
Precipitation	 90	 0.34	 1.16	 1.09	 1.34	 1.05	 1.36	 0.38	 1.26	
Erosion	 68	 0.42	 1.45	 1.34	 0.77	 1.23	 1.16	 0.16	 1.66	
Landslides	 56	 0.26	 1.20	 1.05	 0.87	 1.26	 1.04	 0.19	 1.30	
















	 All	 State	 Local	













Financial	Resources		 3.1	 2.7	 3.0	 2.6	 3.2	 2.8	
Infrastructure	Design	Guidance	 4.8	 2.7	 5.1	 2.7	 4.7	 2.7	
Human	Resources:	
Number	of	Staff	 4.1	 2.7	 4.1	 2.6	 4.1	 2.7	
Human	Resources:	










transportation	assets	 6.9	 2.2	 7.4	 2.2	 6.8	 2.2	
Assessing	climate	threats	 4.7	 2.7	 5.1	 2.6	 4.6	 2.8	
Evaluating	asset	vulnerability 5.0	 2.5	 5.4	 2.5	 4.8	 2.5	
Rating	asset	importance	or	
criticality 5.2	 2.5	 5.5	 2.6	 5.1	 2.5	
Identifying	and	executing	
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categories	necessary	to	address	the	needs	of	agencies	in	response	to	climate	adaptation	is	
warranted	in	future	research.	
	
It	is	clear	that	most,	but	not	all,	of	the	organizations	surveyed	have	undertaken	preparations	for	
staff	development	in	climate	adaptation	seriously	and	were	actively	engaged	in	specific	actions	
or	seeking	to	build	capacity.	The	survey	further	surfaced	a	set	of	supports	that	if	put	in	place	
would	help	agencies	move	forward	in	their	planning	and	capacity	building.	These	include	
adequate	funding	for	training	and	planning	activities,	availability	of	a	continuum	of	training	and	
education	opportunities,	establishment	of	communities	of	practice	for	ongoing	learning	and	
collaboration,	and	access	to	education	resources	through	online	learning	technologies.	
	
Funding	
Many	of	the	barriers	to	adequately	planning	for	climate	adaptation	can	be	connected	to	lack	of	
funding,	which	translates	to	a	shortage	of	resources	in	staff,	time	and	knowledge,	which	
contributes	to	a	competition	with	other	priorities.	If	climate	adaptation	planning	is	to	be	a	
national	priority	in	transportation,	than	adequate	funds	must	be	made	available	at	all	levels	to	
support	this	effort.	As	respondents	noted:		
	
		 We	have	nothing	in	place	right	now	and	no	resources	to	pay	for	training.	
	
There	are	no	resources	set	aside	for	climate	change	planning.	Our	needs	would	be	
fundamental:		staff	and	funding.	
	
Continuum	of	Workforce	Development	Training	
Workforce	development	trainings	and	resources	need	to	be	designed	and	offered	across	a	
continuum	from	the	basics	of	climate	change	and	adaptation	to	advanced	offerings	including	
tools	and	technical	planning.	It	was	clear	that	some	respondents	were	just	beginning	to	explore	
climate	change	as	an	issue	to	address,	while	others	were	fairly	well	along	in	their	understanding	
but	needed	specific	tools	and	applications.	It	would	also	be	a	benefit	to	design	training	that	was	
as	local	and	regional	as	possible	for	maximum	applicability	by	agencies.	These	ideas	were	
expressed	by	respondents	as:	
	
	 Basic	seminars	on	all	aspects.	
	
	 Training	on	an	overview	standpoint	and	on	specific	tools	that	could	be	used.	
	
DOT	needs	professional	training	on	all	aspects	of	adaptation	planning.	This	includes	identifying	
critical	assets,	describing	climate	and	extreme	weather	threats,	assessing	vulnerability,	and	
especially,	identifying	and	selecting	adaptation	strategies.	
	
The	five-step	transportation	adaptation	framework	put	forward	by	Dowds	and	Aultman-Hall	(2)	
could	serve	as	the	core	of	this	continuum,	with	additional	training	steps	added	explaining	the	
	
	
25	
basics	of	climate	change	and	necessity	for	adaptation	planning.	The	continuum	in	fact,	may	be	
more	appropriately	thought	of	as	a	matrix,	offering	similar	topics	and	content,	but	for	different	
audiences	including	planners,	engineers,	governmental	leaders	and	the	interested	public.	This	
should	include	not	just	technical	information	but	also	organizational	development	information	
for	regional	leaders	that	could	enhance	interagency	cooperation.	While	this	framework	
provides	a	model	that	can	be	applied	equally	in	any	state,	content	could	be	adjusted	to	the	
specific	regional	climate	adaptation	issues	and	needs.	
	
Communities	of	Practice	
Professional	communities	of	practice	(CoP),	where	planning	and	transportation	professionals	
can	learn	from	each	other,	share	problems,	solutions	and	build	a	network	can	have	a	profound	
impact	on	organizational	outcomes	(41).	In	a	pilot	program	that	brought	together	state	DOT	
professionals	from	three	adjoining	states,	one	particular	outcome	participants	endorsed	was	
the	network	building,	information	and	resource	sharing	from	learning	and	working	with	
colleagues	(42).	Developing	and	facilitating	regional	CoPs	would	help	meet	and	sustain	some	of	
the	climate	adaptation	workforce	needs	expressed	by	respondents.	
	
We	need	to	be	educated	on	the	topic	and	study	best	practices	from	other	state	DOTs	and	
MPOs.	
	
I	am	continually	looking	for	resources	to	use	in	assisting	me	in	adaptation	planning.	
Applicable	technical	reports	from	federal	and	state	transportation	agencies,	other	
agencies’	climate	change	adaptation	plans,	and	webinars	are	of	great	interest	to	me.	
	
Use	Learning	Technologies	
Given	resource	constraints	in	time,	funding	and	staff,	offering	high	quality	but	accessible	and	
low	cost	workforce	development	options	is	necessary.	Many	respondents	were	accustomed	to	
accessing	training	via	webinars,	online	learning	and	for	searching	online	for	reports	and	
information.	The	TRB	and	many	professional	organizations,	as	well	as	institutions	of	higher	
education,	have	developed	robust	systems	for	offering	webinars	and	this	is	an	excellent	avenue	
for	offering	adaptation	planning	workforce	development	or	hosting	CoP.	
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Conclusions	
Climate	adaptation	and	resiliency	planning	is	important	for	state	and	local	transportation	
agencies.	The	five-step	common	framework	presented	here	is	useful	for	identifying	barriers	to	
implementation	and	for	facilitating	opportunities	for	interregional	and	interagency	
cooperation.	However,	more	data	and	policy	discussions	are	needed	regarding	the	roles	for	
different	agencies.	Particular	attention	must	be	paid	to	asset	criticality	rating	which	cannot	be	
conducted	in	isolation	by	either	the	local	or	the	state	agency	since	it	must	account	for	the	
network	redundancy	and	vulnerability	of	both	state	and	local	infrastructure.	
	
Results	of	the	online	CAPS	indicate	many	commonalities	among	agencies	but	give	some	
indications	that	local	agencies	may	be	lagging	behind	their	state	counterparts.	Responses	from	
state	agency	personnel	generally	indicated	a	smaller	preparation	gap	for	all	threats	and	a	
higher	percentage	of	agencies	undertaking	both	procedural	and	infrastructure	adaptations.	
Nonetheless,	the	differences	between	the	individual	agencies	surveyed	were	greater	in	most	
cases	than	the	overall	average	difference	between	state	and	local	agencies.	Many	of	these	
patterns	were	not	statistically	significant.	If,	as	we	hypothesize,	agencies	that	are	more	engaged	
and	knowledgeable	in	climate	adaptation	planning	were	more	likely	to	respond	to	the	survey,	
the	discrepancy	between	local	and	state	agencies	may	be	larger	than	found	here.	Missing	
agencies	may	include	those	without	resources,	political	support	or	that	are	unware	of	climate	
threats	in	their	region.	Future	research	needs	to	find	and	assess	all	local	agencies	and	ensure	
they	are	able	to	provide	appropriate	adaptation	and	resiliency	planning	in	their	region.		
	
A	substantial	preparation	gap	existed	for	all	identified	threats.	Between	0-80%	of	agencies	are	
preparing	for	a	given	threat	in	their	region.	Modeling	confirmed	that	whether	an	agency	was	
preparing	for	a	threat	was	related	to	many	factors	including	financial	resources,	technical	tools,	
staffing	and	agency	type	(state	versus	local).	Surprisingly	few	of	the	planners	in	the	survey	
indicated	that	their	agencies	were	pursuing	adaptation	actions.	As	expected,	more	adaptation	
actions	were	procedural	rather	than	infrastructure	adaptations.	However,	20%	of	local	agencies	
indicated	no	procedural	actions	and	12%	of	all	agencies	indicated	no	infrastructure	actions.	This	
points	to	a	need	to	track	actions	over	time	and	ensure	that	identified	barriers	are	reduced	and	
that	other	significant	barriers	to	action	implementation	are	not	present	but	unmeasured.	
Future	surveys	should	also	seek	to	understand	which	types	of	actions	and	preparation	are	
reasonable	within	a	given	agency’s	mission.	
	
Tools	and	resources,	especially	staff	time,	are	clearly	barriers	to	adaptation	efforts.	Both	state	
and	local	agency	respondents	assessed	many	adaptation	tools	and	resources	as	lacking.	Among	
adaptation	tools,	asset	inventorying	tools	are	rated	substantially	higher	than	other	tools	but	
only	rated	an	average	of	6.9	out	of	10.	All	other	tools	were	rated	between	4.1	and	5.2	out	of	10	
with	tools	for	identifying	and	executing	adaptation	actions	requiring	the	most	improvement.	
The	number	of	staff	was	cited	as	the	most	limiting	resource.	Given	that	the	adequacy	of	the	
tools	for	four	of	the	five	steps	in	adaptation	process	had	an	average	rating	below	5.5	on	a	0-10	
scale,	there	appears	to	be	a	clear	need	to	advance	or	develop	better	tools	for	agency	use.	
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Given	the	significant	infrastructure	owned	by	local	agencies,	both	local	and	regional	agencies	
have	an	important	role	to	play	in	adaptation	planning.	Unfortunately,	the	comprehensive	
understanding	of	which	local	agencies	are	currently	able	to	engage	in	adaptation	efforts	is	
limited.	We	suggest	that	the	criticality	of	any	asset	cannot	be	accurately	assessed	without	
knowledge	of	the	entire	regional	network	system,	regardless	of	ownership,	and	the	
vulnerability	of	all	constituent	assets.	Climate	adaptation	planning	is	a	complex,	challenging	
endeavor	and	must	address	threats	that	vary	considerably	by	region.	Therefore	all	agencies	
within	a	region	have	a	stake	in	ensuring	all	agencies	are	adequately	resourced	and	active	in	the	
adaptation	efforts	appropriate	for	the	region.	
	
Respondents	in	the	study	affirmed	that	workforce	development	is	an	important	part	of	
advancing	adaptation	planning.		More	work	is	needed	in	examining	the	workforce	development	
needs	of	transportation	agencies	by	factors	such	as	region	and	type	of	organization.	In	addition,	
a	higher	level	of	specificity	of	the	skills	and	qualifications	is	needed	to	inform	development	of	
new	training,	new	hires,	and	educational	curriculum	that	prepares	the	future	workforce.	This	
overview	is	useful	in	establishing	an	initial	set	of	recommendations	that	can	be	used	as	a	
foundation	for	addressing	adaptation	planning	workforce	development	needs	and	can	be	
applied	in	planning	organizations	as	well	as	educational	and	training	institutions	as	the	more	
specific	content	continues	to	evolve.	These	recommendations	are	1)	Provide	additional	funding,	
2)	Develop	a	continuum	of	adaptation	planning	workforce	capacity	building	offerings,	3)	
Develop	Communities	of	Practice	and	4)	Make	use	of	online	learning	technologies	for	workforce	
development	offerings.		
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